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Abstract
We derive the left-right entanglement entropy (LREE) for a bosonic Dp-brane.
This brane has tangential dynamics and has been dressed by a U(1) gauge potential,
the Kalb-Ramond field and a tachyon field. For this purpose, the Re´nyi entropy will
be computed and then, by taking a special limit of it, the LREE will be obtained.
Besides, the behavior of the LREE under the tachyon condensation process will be
evaluated. In addition, after the transition of the system, i.e. the collapse of the
unstable brane, the second law of the thermodynamics on the LREE will be checked.
We find that preserving the second law imposes some conditions on the parameters
of the setup.
PACS numbers: 11.25.Uv; 11.25.-w
Keywords: Background fields; Tangential dynamics; Boundary state; Interaction am-
plitude; Left-right entanglement entropy; Tachyon condensation.
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1 Introduction
The entanglement entropy, as an appropriate measure for entanglement, has been
widely studied in the different contexts. For instance, this quantity is employed in many-
body quantum systems to study the quantum phases and phase transitions [1], [2]. Be-
sides, connections between the entanglement entropy and black hole entropy were found
[3], [4]. More appealing works were done in the AdS/CFT area, which reveal some con-
nections between the entanglement entropy and gravity [5], [6].
Since a boundary state encodes the whole properties of the associated D-brane it is a
suitable tool for studying the D-branes, their interactions and so on [7]-[15]. In this paper,
by applying the boundary state formalism, our goal is to investigate a special property
of the D-branes, which is called left-right entanglement entropy (LREE) [16]-[19]. Thus,
we figure out the LREE of a bosonic unstable Dp-brane with a tangential linear motion
and rotation which has been dressed by the Kalb-Ramond field, a U(1) gauge potential
and a tachyon field of the open string spectrum. Traditionally, in order to measure the
entanglement in a bipartite system the system is geometrically divided to subsystems
[20]. In our approach, similar to the Ref. [16], the division occurs in the Hilbert space.
Precisely, the two subsystems are the left- and right-moving modes of closed strings which
appear in the expansion of the boundary state as a favorable bipartite system.
On the other hand, according to the literature, e.g. Ref. [21], presence of the open
string tachyon on a D-brane obviously makes it unstable. Consequently, it decays to
an unstable lower dimensional D-brane through the tachyon condensation process. The
resultant intermediate brane eventually collapses to the closed string vacuum or decays to
a lower dimensional stable brane [22]-[27]. Since the open string tachyon field lives on our
brane we were motivated to investigate effect of the tachyon condensation on the LREE
corresponding to our unstable brane. Besides, since the similarity of the thermal and
entanglement entropies has been demonstrated [28]-[31], we were stimulated to examine
the second law of thermodynamics for changing the LREE via the condensation of the
tachyon.
In fact, the corresponding LREE of a D-brane potentially possesses a connection with
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the entropies of the black holes [3, 4]. Therefore, the LREE of our setup may find a
relation with the entropies of the rotating-moving charged black holes.
Note that the LREE was originally studied by P. Zayas and N. Quiroz for a one-
dimensional boundary state in a 2D CFT with the Dirichlet or the Neumann boundary
condition [16]. Then, they extended their work to the case of a bare-stationary Dp-brane
[17]. We shall apply their approach to compute the LREE of our setup.
The paper is organized as follows. In Sec. 2, we shall introduce the boundary state,
associated with a dynamical-dressed unstable Dp-brane. Then the interaction amplitude
between two parallel Dp-branes, which is necessary for the calculation of the LREE,
will be introduced. In Sec. 3, we compute the LREE for the foregoing Dp-brane. In
Sec. 4, the effect of the tachyon condensation on the LREE will be calculated, and
some thermodynamical interpretations will be presented. Section 5 is devoted to the
conclusions.
2 The boundary state and interaction amplitude
2.1 The boundary state
Consider a Dp-brane with tangential dynamics in the presence of the antisymmetric
field Bµν(X), a U(1) gauge potential Aα(X) and an open string tachyon field T (X). In
order to introduce the corresponding boundary state, we start with the action
S = − 1
4πα′
∫
Σ
d2σ
(√−ggabGµν∂aXµ∂bXν + εabBµν∂aXµ∂bXν)
+
1
2πα′
∫
∂Σ
dσ
(
Aα∂σX
α + ωαβJ
αβ
τ + T (X
α)
)
, (2.1)
where we shall use the sets {xα|α = 0, 1, · · · , p} and {xi|i = p + 1, · · · , d − 1} to show
the parallel and perpendicular directions to the brane worldvolume, respectively. We
apply the reliable gauge Aα = −12FαβXβ with the constant field strength Fαβ , and adopt
the tachyon profile as T = 1
2
UαβX
αXβ with the constant symmetric matrix Uαβ . The
spacetime and worldsheet metrics and the Kalb-Ramond field are taken to be constant
with Gµν = ηµν = diag(−1, 1, ..., 1). The antisymmetric matrix ωαβ denotes the spacetime
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angular velocity of the brane inside its worldvolume and Jαβτ = X
α∂τX
β − Xβ∂τXα
represents the angular momentum density.
Comparing the setup of this paper with that of our previous work [32], we can say the
branes of both papers have been dressed by the same Kalb-Ramond field and the same
internal U(1) gauge potential. Besides, both branes have the same tangential dynamics.
The only difference between them is the instability of the present brane, which is induced
by the tachyon field. We shall observe that the associated LREE of the unstable brane is
very different from the LREE of the stable brane.
Variation of the action with respect to Xµ gives the equation of motion and following
boundary state equations
(
∆αβ∂τX
β + Fαβ∂σXβ +Bαi∂σX i + UαβXβ
)
τ=0
|Bx〉 = 0,
(
X i − yi)
τ=0
|Bx〉 = 0, (2.2)
where ∆αβ = ηαβ + 4ωαβ and Fαβ = Bαβ − Fαβ . The transverse vector yi determines the
brane position. Using the mode expansion of Xµ for the propagating closed string and
the decomposition |Bx〉 = |B(osc)〉⊗ |B(0)〉 one can rewrite these equations in terms of the
string oscillators[(
∆αβ −Fαβ + i
2m
Uαβ
)
αβm +
(
∆αβ + Fαβ − i
2m
Uαβ
)
α˜β−m
]
|B(osc)〉 = 0,
(
2α′∆αβ p
β + Uαβ x
β
) |B(0)〉 = 0, (2.3)
for the tangential directions and
(αim − α˜i−m)|B(osc)〉 = 0,
(xi − yi)|B(0)〉 = 0, (2.4)
for the perpendicular directions.
Applying the quantum mechanical methods, particularly the coherent state formalism,
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the zero-mode and oscillating parts of the boundary state find the features
|B(0)〉 = Tp
2
√
det(U/4πα′)
∫ ∞
−∞
p∏
α=0
exp
[
iα′
∑
β 6=α
(U−1∆+∆T U−1)αβp
αpβ
+
iα′
2
(U−1∆+∆T U−1)αα(p
α)2
]
|pα〉dpα
×
d−1∏
i=p+1
[
δ(xi − yi)|pi = 0〉] , (2.5)
|B(osc)〉 =
∞∏
n=1
[− detM(n)]−1 exp
[
−
∞∑
m=1
(
1
m
αµ−mS(m)µν α˜
ν
−m
)]
|0〉α|0〉α˜, (2.6)
where Tp is the tension of the Dp-brane. The matrix S(m)µν is defined by S(m)µν =
(Q(m)αβ ≡ (M−1(m)N(m))αβ,−δij), in which
M(m)αβ = ∆αβ −Fαβ + i
2m
Uαβ ,
N(m)αβ = ∆αβ + Fαβ − i
2m
Uαβ . (2.7)
In fact, the parameters of the setup, which were appeared in the boundary state |Bx〉, are
not independent. That is, the first equation of Eqs. (2.3) enables us to express the left-
and right-moving oscillators in terms of each other. If we choose the set {ααm, α˜α−m|m ∈ N}
the boundary state manifestly possesses the matrix Q(m)αβ , and if we select the set
{α˜αm, αα−m|m ∈ N} it will contain the new matrix
([
Q−1(−m)
]†)
αβ
. Equality of these ma-
trices leads to the condition Q(m)Q
†
(−m) = 1, which gives
∆ U = U ∆T,
∆ F = F ∆T. (2.8)
The normalization prefactors of Eqs. (2.5) and (2.6) come from the disk partition
function. For example, look at the Eq. (2.6). For the constant Kalb-Ramond field the
second term of the action (2.1) reduces to a boundary term. Therefore, we receive a
total boundary action which includes the matrices Fαβ , ωαβ and Uαβ. By computing
the partition function via the boundary action the quantities {detM(m)|m = 1, 2, 3, · · · }
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appear in the normalization factor. Similar normalization factors can be found, e.g., in
Refs. [14, 15].
Beside the matter part of the boundary state, there is a contribution by the conformal
ghosts too,
|Bgh〉 = exp
[
∞∑
n=1
(c−nb˜−n − b−nc˜−n)
]
c0 + c˜0
2
|q = 1〉 |q˜ = 1〉. (2.9)
Thus, the total bosonic boundary state takes the form
|B〉 = |B(osc)〉 ⊗ |B(0)〉 ⊗ |Bgh〉. (2.10)
2.2 The interaction amplitude
The calculation of the left-right entanglement entropy needs to extract the partition
function. Thus, we introduce the interaction amplitude of two dynamical Dp-branes which
are dressed by the foregoing fields. For this purpose, we consider the tree-level diagram
of a closed string which propagates between two such Dp-branes. The amplitude can be
computed by the overlap of the total boundary states |B1,2〉 via the propagator D of the
exchanged closed string
A = 〈B1|D|B2〉,
D = 2α′
∫ ∞
0
dt e−tH , (2.11)
where H is the total Hamiltonian of the propagating closed string, including the ghost
part. Hence, the amplitude is given by
A = T
2
pα
′Vp+1
16(2π)d−p−1
∏∞
m=1
[
det
(
M †(m)1M(m)2
)]−1
√
det(U1/4πα′) det(U2/4πα′)
×
∫ ∞
0
dt
{
e(d−2)πt/6
(
1√
α′t
)d−p−1
exp
(
− 1
4α′t
d−1∑
i=p+1
(yi1 − yi2)2
)
×
∞∏
m=1
(
det
[
1−Q†(m)1Q(m)2e−4mπt
]−1 (
1− e−4mπt)p−d+3)}, (2.12)
where Vp+1 represents the worldvolume of each brane. The first exponential comes from
the zero-point energy, the two factors next to it originate from zero modes. In addition,
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the determinant part in the last line is the contribution of the Neumann oscillators while
the factor
∏∞
m=1 (1− e−4mπt)p−d+3 is due to the Dirichlet oscillators and the conformal
ghosts.
3 The corresponding LREE to the dynamical-dressed
unstable Dp-brane
In a composite quantum system, which includes some subsystems, entanglement clearly
relates the various parts of the system. The quantum state of each subsystem is not in-
dependent of the states of the other subsystems. Entanglement entropy is an appropriate
quantity for measuring the entanglement among the subsystems.
Consider a bipartite system which comprises the subsystems A and B. If the pure
state of the composite system is denoted by |ψ〉, then the density operator of this state
is given by ρ = |ψ〉〈ψ|, which satisfies the probability conservation Trρ = 1. Therefore,
the reduced density operator for the subsystem A is given by the partial trace over the
subsystem B, i.e., ρA = TrBρ.
For measuring the entanglement, we choose the entanglement and Re´nyi entropies.
The former quantity is given by the von Neumann formula S = −Tr(ρA ln ρA) [33], and
the latter is defined by Sn =
1
1−n
ln TrρnA, where n ≥ 0 and n 6= 1. By taking the limit
n→ 1, the entanglement entropy can be derived from the Re´nyi entropy [34].
3.1 The density operator of the configuration
As we know the Hilbert space of string theory can be represented by the direct product
of two subspaces L and R with the left- and right-moving modes as its bases. That is,
the Hilbert space possesses the factorized form H = HL⊗HR. By imposing the Virasoro
constraints, which leads to the same excitation number on the left and right sectors, we
receive the physical Hilbert space. Therefore, these constraints very weakly relate the left
and right sectors, and in principle they are still independent. Explicitly, the most general
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state for the closed strings has the feature |ψ〉 = |ψ〉L ⊗ |ψ〉R, where
|ψ〉L =
∞∏
k=1
1√
nk!
(
αµk−k√
k
)nk
|0〉,
|ψ〉R =
∞∏
k=1
1√
mk!
(
α˜µk−k√
k
)mk
|0〉,
such that
∑∞
k=1 knk =
∑∞
k=1 kmk. We see that the sets {nk|k = 1, 2, 3, · · · } and {mk|k =
1, 2, 3, · · · }, up to the mentioned constraint, are essentially independent. This implies
that the physical Hilbert space is still a product of the left and right sectors.
Besides, a boundary state satisfies the physical constraint (Ln − L˜−n)|B〉 = 0 for any
n ∈ Z, where Ln and L˜−n are the Virasoro operators. However, the boundary state can
be decomposed to the left- and right-moving modes via Schmidt procedure [35, 36]. Thus,
we can take the total boundary state (2.10) as our composite system. Since the matrix
S(m)µν in Eq. (2.6) has nontrivial elements, our system is an entangled composite system
with the left-right entanglement.
For a given boundary state |B〉 if we define the density matrix as ρ = |B〉〈B|, because
of the divergence of the inner product 〈B|B〉, we don’t receive the probability conservation
Trρ = 1. Hence, we have to introduce a finite correlation length ǫ to acquire the condition
Trρ = 1, [29, 37]. Thus, the density matrix is redefined by
ρ =
e−ǫH |B〉〈B|e−ǫH
Z(2ǫ)
, (3.1)
where the denominator is fixed by the probability condition as
Z(2ǫ) = 〈B|e−2ǫH |B〉
=
T 2p Vp+1
8(2π)d−p−1
∏∞
m=1 | detM(m)|−2
det(U/8π)
e(d−2)πǫ/3
(
1
2
√
ǫ
)d−p−1
×
∞∏
m=1
(
det
[
1−Q†(m)Q(m)e−8mπǫ
]−1
(1− e−8mπǫ)p−d+3
)
. (3.2)
Eq. (2.12) implies that Z(2ǫ) is the tree-level amplitude of a closed string which propa-
gates for the time t = 2ǫ between the two identical Dp-branes. Since the Dp-branes are
identical and have been located in the same position the indices 1 and 2 were omitted
and the y-dependence was also removed. Note that we have taken α′ = 2.
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3.2 The LREE of the setup
The reduced density matrix for the subsystem L, i.e. ρL, is obtained by taking the
trace over the right-moving oscillators. In order to find the Re´nyi entropy, we apply the
replica trick which simplifies the computation of TrρnL with real n,
TrρnL ∼
Z(2nǫ)
Zn(2ǫ)
≡ Zn(L)
Zn
, (3.3)
where Zn(L) is the replicated form of the partition function. Note that we shall use the
partition function (3.2) to calculate the above relation, and then we express it in terms
of the Dedekind eta-function
η(q) = q1/12
∞∏
m=1
(1− q2m), (3.4)
where q = e−4πǫ. In the limit ǫ→ 0 the variable q approaches to one. To avoid this value
of q we apply the open/closed worldsheet duality via the transformation 4ǫ→ 1/4ǫ to go
to the open string channel. Consequently, as ǫ goes to zero the new variable q˜ = e−π/4ǫ
vanishes and we can utilize the expansion of the Dedekind η-function for small argument.
Therefore, we receive the following relation
Zn
Zn
≈ K1−np
((
2
√
ǫ
)1−n √
n
)d−p−1
exp
[
(d− 2)π
48ǫ
(
1
n
− n
)]
×
∞∏
m=1
{
1 + (d− p− 3)
[
− n e−mπ/2ǫ + n
2
2
(
d− p− 3− 1
n
)
e−mπ/ǫ
+ e−mπ/2ǫn − n(d− p− 3) e−(1+1/n)mπ/2ǫ + d− p− 2
2
e−mπ/ǫn
]}
×
∞∏
m=1
{
1− n Tr
(
Q†(m)Q(m)
)
e−mπ/2ǫ − n
[
Tr
(
Q†(m)Q(m)
)]2
e−mπ(1/ǫ+1/nǫ)
+ Tr
(
Q†(m)Q(m)
)
e−mπ/2nǫ +
n
2
[
− Tr
(
Q†(m)Q(m)
)2
+ n
[
Tr
(
Q†(m)Q(m)
)]2 ]
e−mπ/ǫ
+
1
2
[
Tr
(
Q†(m)Q(m)
)2
+
[
Tr
(
Q†(m)Q(m)
)]2 ]
e−mπ/nǫ
}
, (3.5)
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up to the order O(exp(−3π/2ǫ)). The factor Kp was entered into Eq. (3.5) via Eq. (3.2),
and possesses the following definition
Kp =
T 2p Vp+1
8 (2π)d−p−1
∏∞
m=1 | detM(m)|−2
det(U/8π)
. (3.6)
Now, by taking the limit n→ 1 of the Re´nyi entropy we acquire the entanglement entropy
Sp ≈ lnKp + d− p− 1
2
(2 ln 2 + ln ǫ− 1) + (d− 2)π
24ǫ
+
∞∑
m=1
{[
Tr
(
Q†(m)Q(m)
)
+ d− p− 3
] (
1− mπ
2ǫ
)
e−mπ/2ǫ
+
[
Tr
(
Q†(m)Q(m)
)2
+ d− p− 3
](
1
2
− mπ
2ǫ
)
e−mπ/ǫ
}
. (3.7)
The first term is concerned to the boundary entropy of the brane. The second term comes
from the zero-modes, and the next terms are contributions of the oscillators and conformal
ghosts. The brane dynamics and the background fields were accumulated in the first term
and series. One of the prominent effects of the tachyonic field is the appearance of all
mode numbers {m ∈ N} in the LREE.
By quenching the tachyon field the mode dependence of the matrices Q(m) and M(m)
disappears. In this case by employing the formulas
∑∞
m=1 x
m = x
1−x
and
∑∞
m=1mx
m =
x
(1−x)2
for small x where x = e−π/2ǫ and x = e−π/ǫ for the second and third lines of Eq.
(3.7), respectively, the LREE, up to the term lnKp, exactly reduces to Eq. (3.7) of Ref.
[32]. Now return to the term lnKp. In fact, by assuming detU 6= 0 the inverse of the
matrix U was appeared in Eq. (2.5). Thus, in the subsequent formulas, e.g. Eq. (3.7), we
are not allowed to put the tachyon matrix away. However, by applying the regularization
scheme
∏∞
m=1 a → 1/
√
a the infinite product in Eq. (3.6) for U → 0 reduces to | detM |
of Eq. (3.7) of the Ref. [32]. Hence, for the case U → 0 the term lnKp also is consistent
with its counterpart in Ref. [32].
By turning off all background fields and the brane dynamics we acquire the LREE of a
bare-static Dp-brane, see Sec. 3.3 of Ref. [32]. In this special setup, for the configuration
p = 1 and d = 3, the leading terms are exactly compatible with Ref. [16]. In fact, the
case p = 1 and d = 3 is the simplest setup which was originally considered for computing
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the LREE in Ref. [16]. It represents a warm-up calculation, and is corresponding to a
one-dimensional boundary state in a 3-dimensional target spacetime.
3.3 Connection between the LREE and thermodynamic entropy
By defining a temperature, proportional to the inverse of the correlation length ǫ,
we can specify the thermal interpretation of our system. The partition function of the
dressed-dynamical brane was defined by Eq. (3.2). In the limit of β = 2ǫ → 0, which
exhibits the high temperature of the thermal system, the thermodynamic entropy of the
system is given by
Sth = β
2 ∂
∂β
(
− 1
β
lnZ
)
≈ lnKp + d− p− 1
2
(
2 ln 2 + ln
β
2
− 1
)
+
(d− 2)π
12β
+
∞∑
m=1
{[
Tr
(
Q†(m)Q(m)
)
+ d− p− 3
] (
1− mπ
β
)
e−mπ/β
+
[
Tr
(
Q†(m)Q(m)
)2
+ d− p− 3
](
1
2
− mπ
β
)
e−2mπ/β
}
, (3.8)
up to the order O(exp(−3π/β)). This demonstrates that the thermal entropy of our
system exactly matches with its LREE counterpart, i.e. (3.7). There are some other
papers which also reveal such connections, e.g. see the Refs. [28]-[31].
Due to the presence of the tachyon field this thermal entropy has a more general form
than that of the Ref. [32]. We observed that the LREE of our setup, for the special case
U → 0, reduced to the LREE of the stable dressed-dynamical brane [32]. With the same
logic and mathematical tools, the thermal entropy (3.8) for a vanishing tachyon field also
is consistent with that of the stable brane [32].
4 Effect of the tachyon condensation on the LREE
According to the literature, e.g. Ref. [21], adding an open string tachyonic mode
to a single D-brane or to a group of D-branes makes them unstable. That is, in the
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tachyon condensation process the brane dimension is decreased [22], so that eventually
there will remain the closed string vacuum or an intermediate stable brane. In the tachyon
condensation phenomenon at least one of the elements of the tachyon matrix Uαβ becomes
infinite. For simplicity we impose the condensation of the tachyon field only in the xp-
direction, i.e., we apply the limit Upp →∞.
For simplification, at first we obtain the LREE in the limit of large tachyon field, i.e.,
we apply U ≫ 2m(∆−F) with the consideration of the conditions (2.8). Thus, we receive
S˜p ≈ lnKp + d− p− 1
2
(2 ln 2 + ln ǫ− 1) + (d− 2)π
24ǫ
+
∞∑
m=1
{[
d− 2− 512 m2 Tr (ω2U−2)] (1− mπ
2ǫ
)
e−mπ/2ǫ
+
[
d− 2− 1024 m2 Tr (ω2U−2)] (1
2
− mπ
2ǫ
)
e−mπ/ǫ
}
, (4.1)
up to the order O(U−3). We observe that the large tachyon field conveniently quenches
the total field strength, unless in the first term.
Now we condensate the tachyon in the xp-direction. The first term of Eq. (4.1) takes
the limit
lim
Upp→∞
lnKp = ln(2πLp) + lnKp−1
≡ γ + lnKp−1, (4.2)
where Lp is the length of the x
p-direction of the brane. For obtaining this we utilized the
reliable relation Tp = Tp−1(2π
√
α′) and the regularization scheme
∏∞
n=1 n →
√
2π. The
second term of Eq. (4.1) can be rewritten as
d− p− 1
2
(2 ln 2 + ln ǫ− 1) = d− (p− 1)− 1
2
(2 ln 2 + ln ǫ− 1) + Γ. (4.3)
Moreover, the limit of the factor Tr(ω2U−2) is given by Tr( ω2U−2)′ where the prime
represents a p× p matrix. Adding all these together we acquire
lim
Upp→∞
S˜p = S˜p−1 + λ,
λ ≡ ln(πLp)− 1
2
(ln ǫ− 1). (4.4)
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After the tachyon condensation the Dp-brane reduces to a D(p − 1)-brane. The corre-
sponding entanglement entropy of the resultant brane is specified by S˜p−1. The extra
entropy λ may be associated to the created closed strings during the collapse of the initial
brane. The structure of the entropy λ elaborates that for the larger (smaller) value of
the brane length Lp there is a greater (smaller) number of the released closed strings and
consequently we obtain the larger (smaller) entropy λ.
4.1 The LREE and second law of thermodynamics
Due to the similar behavior of the thermal entropy and the LREE [28]-[31], we were
motivated to examine the second law of thermodynamics for our LREE in the tachyon
condensation process. During this evolution the system goes from an initial state, which
is the initial Dp-brane, to a final state, i.e., the subsequent D(p−1)-brane and the released
closed strings. Hence, the LREE changes from the initial entropy Si to the final entropy
Sf ,
Si = S˜p,
Sf = lim
Upp→∞
S˜p = S˜p−1 + λ. (4.5)
In order to check the second law, i.e. Sf > Si, we should verify the validity of the
inequality S˜p−1 + λ− S˜p > 0, in which
S˜p−1 + λ− S˜p = ln π − ln
(
detU ′
detU
)
−
∞∑
m=1
{
ln
(
detM ′(m)
detM(m)
)2
− 512 m2
[
Tr
(
ω2U−2
)− Tr (ω2U−2)′]
×
[(
1− mπ
2ǫ
)
e−mπ/2ǫ +
(
1− mπ
ǫ
)
e−mπ/ǫ
]}
, (4.6)
where the primes show the p× p matrices. Positivity of this quantity for ǫ→ 0 imposes
the following condition on the parameters of the setup
det
(
U
∞∏
m=1
M2(m)
)
>
1
π
det
(
U ′
∞∏
m=1
M ′
2
(m)
)
. (4.7)
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In fact, this is a minimal condition for preserving the second law of thermodynamics. In
other words, the whole quantity in the left-hand-side of Eq. (4.6) for any arbitrary and
small value of “ǫ” should be positive.
As a simple example, look at a stretched D1-brane along the x1-direction. Because of
the Lorentz symmetry this object can not possess tangential dynamics, thus, we have
ω = 0. There exists a total electric field E along this D-string. After the tachyon
condensation along the direction x1, there will remain a D0-brane and a collection of the
released closed strings. Accordingly, the Eq. (4.7) eventuates to the following restriction
U11 >
2
π
ln
(
1 +
√
1 + 4/π
2
)
. (4.8)
Note that in the previous section we have explicitly chosen very large matrix elements for
the tachyon matrix. Therefore, the above condition has been already satisfied.
5 Conclusion
We computed the left-right entanglement entropy of a non-stationary Dp-brane in
the presence of an internal U(1) gauge potential, the Kalb-Ramond field and a tachyon
field. For obtaining this, we employed the boundary state formalism and the amplitude
of interaction between two parallel and identical dynamical-dressed Dp-branes. Presence
of the various parameters in the configuration dedicated a generalized form to the LREE.
Thus, the LREE can be accurately adjusted to any desirable value via these parameters.
By applying the partition function we conveniently computed the thermodynamical
entropy, associated with the dressed-dynamical unstable Dp-brane. We compared this
entropy with the LREE of the system. By a redefinition of the temperature we observed
that both entropies exactly are the same.
In comparison with the LREE of a dynamical-dressed stable Dp-brane [32], presence
of the tachyon field imposed the contributions of all mode numbers of the closed string to
the LREE via an infinite product and an infinite series. Similar additional contributions
also occurred for the thermodynamical entropy of the system. As expected, when we
turn off the tachyon field the results of this paper completely reduce to the results of the
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dynamical-dressed stable Dp-brane [32].
We examined the behavior of the LREE under the condensation of the tachyon. We
observed that the associated LREE to the Dp-brane was decomposed to the LREE of
a dynamical-dressed D(p − 1)-brane and an entropy which may be corresponded to the
released closed strings after the Dp-brane collapse. The latter entropy logarithmically
depends on the length of the lost direction of the initial brane.
Finally, because of the similar behavior of the thermal entropy and the LREE, we were
persuaded to check the second law of thermodynamics for our LREE via the process of the
tachyon condensation. We saw that preserving the second law obligates the parameters
of the initial setup to obey a minimal condition. We explicitly figured out the condition
for the case of a D-string, which imposed a lower bound on the matrix element U11.
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